Background: Patients undergoing relaparotomies are underrepresented in clinical trials. Standard of care, relative outcomes compared to primary laparotomy, and the ideal fascial closure technique are unknown. Objective: The ReLap study has three objectives: First, to determine standard of care and gain evidence of intra-/postoperative outcomes for patients undergoing relaparotomy compared to patients undergoing primary laparotomy. Second, to gain evidence of an association between biomarkers and adhesion grade in a clinical-translational approach in patients undergoing relaparotomy or primary laparotomy. Third, to gain evidence of the feasibility and comparative effectiveness of fascial closure after relaparotomy using the small stitches technique with Monomax 2-0 versus the large stitches technique with PDS 1 loop. Methods: The ReLap study is a monocentric, prospective, mixed-methods, exploratory study with three steps: health care research, translational research, and randomized controlled trial. All patients scheduled for elective laparotomies or relaparotomies at the University of Heidelberg will be screened for eligibility. There will be five study visits during the hospital stay and one study visit one year after surgery. The clinical course will be followed and outcomes necessary to answer the study objectives will be captured prospectively. Relaparotomy patients eligible for closure with the small and large stitches technique will be randomized intraoperatively to one technique. Discussion: The ReLap study will bridge a significant knowledge gap regarding patients undergoing relaparotomy. Differences in the standard of care between relaparotomies and primary laparotomies will be determined. The relation between biomarkers and manifestation of adhesions will be explored and evidence for the comparative effectiveness of fascial closure after relaparotomy will be gained.
Introduction
Accessing the abdomen via an open incision (laparotomy) is a standard surgical procedure for diseases of the abdominal cavity. Patients may undergo primary laparotomies, as well as repeat laparotomies (relaparotomies). The indications for relaparotomy are manifold, e.g., local, peritoneal or lymphatic recurrence of a malignant disease or infection in patients that have had prior abdominal surgery. The reopening of the abdomen, including the separation of adhesions and, if necessary, the resection of recurrence formation represent a technical challenge in comparison to a primary laparotomy.
The currently available literature does not provide sufficient high-quality data to allow for an evidence-based approach to relaparotomy. Therefore, it is unclear to what extent patients undergoing relaparotomy suffer from a higher risk of short-term postoperative complications, surgical site infections or burst abdomen than patients undergoing primary laparotomy. Moreover, it is unclear to what extent the time required to open and close the abdomen differs between primary laparotomy and relaparotomy, or if there should be a different standard of care between these groups. What is known is that relaparotomies carry a higher risk for long-term complications such as incisional hernia [1] . Since patients undergoing relaparotomy are often excluded from trials investigating fascial closure, the most effective closure technique for this population remains uncertain.
In contrast, multiple studies on abdominal adhesions, which develop as a reaction to surgical manipulation, ischemia, infection or foreign material, already exist [2] . While adhesions are a natural part of the healing process, they also cause abdominal discomfort, chronic abdominal pain, and bowel obstruction and hinder conditions for relaparotomies. One particular problem in these cases is accidental enterotomy during adhesiolysis [3] . Adhesions manifest in 67-93% of adults after abdominal surgery [4] . So far, many studies have investigated the topic of adhesion prophylaxis; however, the problem remains unsolved [5] . Therefore, a prospective mixed-methods study was designed to address the previouslydescribed knowledge gaps.
Aim of the study
The ReLap study is a monocentric, prospective, mixed-methods (health care research, translational research and randomized controlled trial), exploratory study in three steps. Each of the steps has a specific aim:
Step 1 (Health care research): To gain evidence for the standard of care and intra-/postoperative outcomes of patients undergoing relaparotomy compared to patients undergoing primary laparotomy.
Step 2 (Translational research): To gain evidence for an association between biomarkers and adhesion grade in a clinicaltranslational approach in patients undergoing relaparotomy or primary laparotomy.
Step 3 (Randomized controlled trial): To gain evidence for feasibility and comparative effectiveness of fascial closure after relaparotomy comparing the small stitches technique with Monomax 2-0 with the large stitches technique with PDS 1 loop.
Methods

Study population
The study population will consist of adult patients undergoing relaparotomy or primary laparotomy at the Department of General, Visceral, and Transplantation Surgery at the University of Heidelberg. All patients undergoing relaparotomy or primary laparotomy will be included, regardless of underlying disease type. The following eligibility criteria were chosen to achieve a broad sample representative of high-volume surgical centres ( Table 1) . All patients will be informed about the study orally and in writing.
Type of study
A mixed-methods study design (health care research, translational research, and randomized controlled trial) will be used to reach the defined aims ( Fig. 1 ). The first and second steps (health care research and translational research) will involve a prospective cohort comparison of patients undergoing relaparotomy, with those undergoing primary laparotomy serving as a control group. For the third step (randomized controlled trial), patients undergoing relaparotomy fascial closure will be randomly allocated to either the small stitches technique, using Monomax 2-0, or the large stitches technique, using PDS 1 loop (step 3).
Due to the exploratory nature of the study, there will be no sample size calculation. Recruitment will end after 100 patients undergoing relaparotomy are randomized. For each of these, a patient undergoing primary laparotomy will be included in a 2:1 ratio (50 patients), as a control group. For quality reasons, prospective (rather than historically collected) control data are preferable. However, to save resources the sample size of the control group is limited to 50 patients. None of the 50 patients in the control group of primary laparotomies will be randomized.
Study specific interventions
Step 1 (health care research): During the first step, no study-specific intervention will be performed and the standard of care as outlined below will be recorded.
Step 2 (translational research): During the second step, a peritoneal tissue sample from the left middle abdomen will be taken from patients in both groups. Additionally, tissue samples from adhesions of different grades will be taken from the relaparotomy group.
Step 3 (randomized controlled trial): During the third step, patients will be allocated randomly to either the small stitches technique, using Monomax 2-0, or the large stitches technique, using PDS 1 loop. Both techniques and materials have a long history of use at the investigating institution. If both techniques are considered feasible by the operating surgeon, intraoperative randomization will take place directly before the fascial closure. The pre-randomization selection is important to determine in which proportion of relaparotomy patients both techniques would be feasible. 
Abdominal closure with Monomax 2-0
Monomax 2-0 is a slow-absorbing monofilament suture with a thread size of 2-0. The first stitch must be anchored cranially and caudally of the incision with a knot. The distance to the edge of the fascia should be 5 mm and the distance between the two stitches should be 2-5 mm. Overall, two sutures are needed; one from cranially and the other from caudally, closing the wound centrally ( Fig. 2 ).
Abdominal closure with PDS 1-loop
This monofilament suture is also slow absorbing, with a thread size of 1, and is formed as a loop. The first stitch must be anchored cranially and caudally to the incision. The needle is pulled through the loop, so a knot is not necessary. The distance to the edge of the fascia should be a maximum of 10 mm and the distance between the two stitches should be 15-20 mm. Overall, two sutures are needed; one from cranially and the other from caudally, closing the wound centrally ( Fig. 2) .
Neither subcutaneous closure nor subcutaneous drainage is performed in either group. Skin closure is performed using skin clips. All patients will be treated within the standardized fasttrack concept, which includes physiotherapy-assisted early mobilization and early transition to a normal diet.
Data capture and outcomes
For all patients, gender, age, height, comorbidities (in order to calculate the Charlson comorbidity index [6] ), current or previous abdominal surgeries, ASA-Score, previous radio-or chemotherapy, current weight and weight loss over the last 3 months, and experience level of the surgeon closing the abdomen will be captured. Moreover, abdominal symptoms like pain, nausea, vomiting, constipation, and infertility (female patients only) will be recorded.
For patients in the relaparotomy group, the number of previous laparotomies, reasons for laparotomies, and days since the last laparotomy will be recorded. Moreover, the presence of an abdominal separation or incisional hernia will be recorded.
To evaluate the standard of care for step 1 (health care research) in primary and relaparotomies, the steps of opening and closing the abdomen will be closely monitored and the follow-ing aspects will be recorded: skin incision with electric scalpel or other device, cutting out of a previous scar, and type of subcutaneous and fascial incision. Further, the length of the skin and fascial incision, as well as incidental incisions of the rectus sheath, enterotomies, and the presence of occult hernias will be evaluated. Furthermore, the total time required for opening (from skin incision to installation of the supporting frame) and closing the abdomen (from final instrument count to skin closure) will be captured.
For step 2 (translational research), adhesion formation according to the Peritoneal adhesion index [7] will be captured. The Peritoneal adhesion index divides the abdomen into 10 areas and asks to rate each area with a number from 0 (no adhesions) to 3 (strong adhesions). These ratings are summed to produce an index between 0 and 30. In a translational approach, associations between the manifestation and grades of adhesions with expression of biomarkers in the tissue samples will be evaluated. Among others, the following factors, which collectively modulate adhesion formation in vivo [8] , will be investigated: interleukin-6 (IL-6), fibroblast growth factor 1 (FGF-1), tumor necrosis factor alpha (TNF-alpha), transforming growth factor beta (TGF-b), hypoxiainducible factors (HIF-1, HIF-2), and HIF-downstream targets such as plasminogen activator inhibitor (PAI-1), vascular endothelial growth factor (VEGF), Twist2, and Snail1.
For step 3 (randomized controlled trial), the feasibility of fascial closure prior to randomization will be evaluated and reasons for infeasibility as judged by the operating surgeon and actual closure technique will be reported.
For steps 1 (health care research) and 3 (randomized controlled trial), the outcomes described below will be evaluated. For step 1, outcomes between patients undergoing primary laparotomy and relaparotomy will be compared; for step 3, outcomes of patients undergoing abdominal closure with the small stitches technique using Monomax 2-0 vs. the large stitches technique using PDS 1 loop will be compared.
The outcomes of interest are first bowel movement, concomitant therapies (opiates, laxatives, physiotherapy), length of hospital stay, length of stay on intensive care unit, presence of incisional hernia at 12 months, and quality of life (QLQ 5 [9] : pre-operative, day of discharge, and at 12 months). Further, all postoperative complications fulfilling the criteria of the Clavien-Dindo classification [10] or a specific definition ( Table 2 ) will be recorded. The comprehensive complication index of all complications will be calculated [11] .
Participant timeline and study visits
All patients entering the Department of General, Visceral, and Transplantation Surgery at the University Hospital of Heidelberg for elective operations will be screened. Eligible patients will be informed about the study's purpose and procedures. After giving written informed consent, patients will be questioned and examined (Visit 1). Burst abdomen/Incisional hernia Anastomotic leakage [12] Surgical Site Infection [13] Other Infections and Sepsis [14] Postoperative liver failure [15] Bile leak [16] Postoperative haemorrhage [17] Delayed gastric emptying [18] Postoperative pancreatic fistula [19] Chyle leak [20] Serious adverse event [21] The clinical course will be followed prospectively (Table 3) . Therefore, six planned visits will be performed. Preoperative screening will constitute visit 1, visit 2 will be the operation itself, visit 3 will be performed on postoperative day (POD) 3 to 7, visit 4 on POD 10 to 14, and visit 5 on the day of discharge or on POD 30. However, if the patient is longer in the hospital or is re-admitted within 10 days after discharge the course will be followed until definitive hospital discharge. Lastly, visit 6 will consist of a phone call to the family doctor or the patient one year after surgery.
Data management and monitoring
All information required by the protocol will be recorded on a paper-based case report form. After the last visit, data will be entered into a password-protected and validated relational database (SQL Server 2008 Express). After the last patient has his or her last visit, the database will be soft locked. A monitoring will be performed of 100% of data necessary to evaluate the comprehensive complication index and the peritoneal adhesion index. Moreover, a randomly-selected 20% of the remaining data will be monitored. Finally, the database will be closed and made available for statistical analysis.
Statistical analysis
The ReLap study is a mixed-methods study with several steps; no primary endpoint has been defined. Therefore, only exploratory statistics will be used. Results will be presented either as mean with standard deviation or as rate. A descriptive p-value will be determined by chi-squared test for binary data or student's t-test for continuous data. For steps 1 and 2, the outcomes between patients undergoing primary laparotomy and relaparotomy will be compared, and for step 3, the outcomes between patients undergoing abdominal closure with the small stitches technique using Monomax 2-0 vs. the large stitches technique using PDS 1 loop will be compared. Statistical analysis will be performed with R [22] .
Methods for minimising bias
Minimising selection bias: All patients will be screened consecutively and, in cases of eligibility they will be asked for informed consent. Number of screened, included and analysed patients will be reported and drop-outs explained. A precondition for randomization in step 3 is the applicability and feasibility of both techniques, as determined by the operating surgeon's intraoperative assessment. When feasible, the patient will be randomized by a consecutively numbered and sealed opaque envelope containing a card marked ''Monomax" or marked ''PDS." The randomization sequence will be computer-generated with a mixture of variable block sizes of 4, 6, 8 or 10.
Minimising performance and detection bias: The operating surgeon cannot be blinded to the suture technique. Patients are blinded to the suture material. The outcome assessors are aware of the suture material for short-term outcomes but not for the outcomes at 12 months. Statistical analysis will be performed after closure of the database.
Minimising attrition bias: Statistical measurements such as imputation will be taken to minimise risk of bias due to incomplete outcome data [23] . The study will be reported according to the CONSORT statement [24] , where applicable.
Minimising reporting bias: To avoid risk of selective reporting, the study protocol (including full information about its outcomes and statistical analysis) is hereby published according to the SPIRIT statement [25] . The study was registered with www.germanctr.de (DRKS00013001) before inclusion of the first patient.
Minimising other bias: Any financial relationship or any conflict of interest that could inappropriately influence the work within this project will be stated explicitly.
Ethics, informed consent and data protection
The ReLap study will be conducted in accordance with the current version of the Declaration of Helsinki [26] , and according to the professional code for physicians in Germany ( §15 BOÄ). The study protocol was reviewed and approved by the Ethics Committee of the medical faculty of the University of Heidelberg (S-442/2017).
Before inclusion in the ReLap study, patients will be informed both orally and in writing about all relevant aspects of the study, e.g., the aims, methods, anticipated benefits, and potential risks of the study, as well as any discomfort it may entail. The patients' decision to participate will be documented by signature on the informed consent form. All patient-related information is subject to medical confidentiality and to the Federal Data Protection Act. Data transfer will be pseudonymised. Third parties will not have any insight into the original data.
Discussion
Patients undergoing relaparotomies are underrepresented in clinical trials. Standard of care, relative outcomes compared to primary laparotomy, and ideal fascial closure technique are unknown. The ReLap study is a monocentric, prospective, mixed-methods, exploratory study with three steps (health care research, translational research and randomized controlled trial) aimed to detect differences in the standard of care between relaparotomies and primary laparotomies and the relation between biomarkers and adhesions, and to gain evidence for the comparative effectiveness on fascial closure techniques following relaparotomy. Thus, a significant knowledge gap concerning standard of care and outcomes of relaparotomies will be closed.
